Purpose: To characterize the lifestyle and nutritional risk profile associated with the Mediterranean diet in a Portuguese population with and without age-related macular degeneration (AMD). Methods: Nested case-control study (n = 883) within the Coimbra Eye Study, including 434 subjects with AMD and 449 age-and sex-matched subjects without AMD. All enrolled subjects underwent a full risk assessment, including lifestylerelated risk factors and a thorough food frequency questionnaire. This allowed us to build an adherence score to the Mediterranean diet (mediSCORE, range 0-9) constructed from individual food intakes. Food intake was also further analysed by conversion to micronutrient consumption. Results: Our results suggest that physical activity has a protective role in AMD [p = 0.018 after multivariate adjustment, OR: 0.69 (0.51-0.93)]. High (mediSCORE ≥6) was also found to be protective [p = 0.041, OR: 0.62 (95% CI: 0.38-0.97)]. Food group analysis unveiled a specific protective role for increased fruits consumption (p = 0.029). Finally, micronutrient analysis revealed a protective role associated with increased consumption of caffeine, fibres, beta-carotene, vitamin C and vitamin E (p < 0.05). Conclusion: High mediSCORE appears to confer protection against the development of AMD in a Mediterranean population. This effect is driven by increased consumption of fruits and some antioxidant micronutrients, which emerged as statistically significant protective factors. Further studies are required to establish dietary recommendations with clinical application.
Introduction
Age-related macular degeneration (AMD) is the main cause of irreversible blindness in the elderly in developed countries (Mitchell et al. 2002; Sin et al. 2013) . In neovascular disease forms, effective therapy is available, namely anti-vascular endothelial growth factor agents. However, in the nonexudative forms, 85% of cases, we are limited to antioxidant/mineral supplementation, which might only delay disease progression (Age-Related Eye Disease Study Research Group 2001) . Two landmark studies are notable in this area. The first one, the AgeRelated Eye Disease Study (AREDS), a multicentre, randomized and interventional study, has shown that progression to advanced AMD was reduced with supplementation with high doses of zinc and antioxidants, compared to a placebo (Age-Related Eye Disease Study Research Group 2001). This study was followed by the AREDS2 study (Age-Related Eye Disease Study 2 Research Group 2013), also a multicentre, randomized and interventional study which has shown that supplementation with macular xanthophylls (lutein and zeaxanthin), but not omega-3 fatty acids, seems to further reduce the risk of progression to advanced AMD (Age-Related Eye Disease Study 2 Research Group 2013). Other studies have also supported a protective role for dietary consumption of foods rich in lutein and omega-3 fatty acids (Chiu et al. 2009; Merle et al. 2011) . While exogenous supplementation seems to be effective, adherence to diet is important, as is the fact that commercially available formulations do not always follow the dosages of nutrients defined in the landmark AREDS and AREDS2 studies (Shah et al. 2013 ). This supports a role for modulating AMD risk through diet alone, without exogenous supplementation (Mares et al. 2011; Gopinath et al. 2015) .
The Mediterranean diet is characterized by high consumption of fruits, vegetables, legumes, cereals, fish and olive oil, a low-to-moderate consumption of dairy products, a low consumption of meat and a regular but moderate consumption of alcohol, namely wine (Willett et al. 1995) . There is some evidence that adherence to a Mediterranean diet may be associated with a decreased risk for AMD (Mares et al. 2011; Merle et al. 2015) . However, these two studies were conducted in the United States, where strict adherence to a Mediterranean diet is probably rare. Recently, a similar study in the EUROEYE cohort, including centres from Southern to Northern Europe, was recently conducted, showing a protective effect for late, but not early, AMD (Hogg et al. 2016) .
In this study, we performed an epidemiological cross-sectional study in a large population-based sample with and without AMD from a rural location in Portugal, a country where the Mediterranean diet is customary, regarding the associations of AMD with dietary intake. We hypothesized a possible protective role associated with the Mediterranean diet and studied the association of AMD with other dietary patterns by food groups and dietary micronutrient consumption.
Patients and Methods

Study design
We designed a case-control study nested in the 'Coimbra Eye Study' (Cachulo et al. 2015 ) -a cross-sectional population-based study on the prevalence of early and late AMD, that includes subjects over 55 years old recruited from primary healthcare units from two locations in the centre of Portugal -one in the coastal area (Mira) and the other 70 km away from the sea (Lousã). For this study, in this latter location, Lousã, all patients in our database with AMD were invited by telephone to participate in this study. A sex-and age-matched control group (without AMD) was randomly sampled from the same database and similarly invited to participate. A total of 883 subjects, 434 (49.1%) with AMD and 449 (50.9%) without AMD, enrolled in this extension and underwent a comprehensive evaluation of dietary habits, lifestyle and comorbidities, as well as an anthropometric characterization. This work was approved by AIBILI Ethics Committee (ClinicalTrials.gov: NCT01715870). All patients provided written, informed consent.
Subjects inclusion
We built upon the 'Coimbra Eye Study' (Cachulo et al. 2015) database for one interior location in the centre of Portugal (Lousã). All patients in this database had underwent a complete bilateral ophthalmological examination, with evaluation of best-corrected visual acuity (BCVA), anterior segment biomicroscopy, tonometry and digital mydriatic colour fundus photograph (Topcon Ò TRC-50EX; Topcon Corp, Tokyo, Japan). Images were reviewed in a centralized reading centre (Coimbra Ophthalmology Reading Center, CORC -AIBILI) and a differential analysis for AMD lesions was conducted by two senior, independent and certified ophthalmologists, using the International Classification and Grading System for age-related maculopathy (ARM) and AMD (Bird et al. 1995) . The full study protocol of the 'Coimbra Eye Study' is described in detail elsewhere (Cachulo et al. 2015) . For this study, we aimed to build an age-and gender-matched sample of subjects with AMD (Rotterdam classification stages 1-4, includes early and late AMD) and without AMD (stage 0 -no AMD features or only drusen <63 lm). When the two eyes of the same patient had different AMD stages, the worst grade of severity was recorded.
Collection of demographic, biometric, lifestyle, education, comorbidities and nutritional data All included subjects responded to a thorough questionnaire that included demographic, education, lifestyle (smoking and physical activity), comorbidities as well as a food frequency questionnaire. The food frequency questionnaire, composed of 86 items including common foods and beverages consumed in Portugal, was already validated for the Portuguese population (Lopes 2000) . The questionnaire was administered in person by specially trained interviewers. For each of the items, participants were asked to report the frequency of their consumption in the last year, the portion size and whether or not this consumption was seasonal. The interviewer also measured each participant's weight, height (for body mass index, BMI, calculation) and abdominal perimeter.
Processing nutritional data
All questionnaires were checked for completeness. The food frequency was then calculated for average daily consumption values, adjusted for the size of the portion to yield a value in grams (g) per type of food. Also included was a factor for seasonal variation consumption, if indicated by the participant (0.25 for a period of 3 months). These consumptions were grouped in nine food groups: vegetables, legumes, fruits, cereals, fish, meat, dairy products, alcohol and a ratio of monounsaturated lipids (mainly olive oil) to saturated lipids. Additionally, the quantitative composition of micronutrients of food consumed by the participants was obtained with the Food Processor Plus software (ESHA Research, Salem, Oregon).
Adherence to the Mediterranean diet
We have adopted a model of adherence to the Mediterranean diet score (mediSCORE), already used for nonophthalmological disease models F eart 2009) and initially validated for a Greek population of 22 043 subjects (Trichopoulou et al. 2003 ). An adherence scale was built (mediSCORE), ranging from 0 to 9, and was calculated from the sum of 9 food group indicator variables, mentioned above. Each of these indicator variables can take a value of 0 or 1, which was attributed by comparing to a cut-off defined by the median sex-specific food group consumption in grams. Following the original model (Trichopoulou et al. 2003) , consumption above this cut-off of beneficial diet components (vegetables, legumes, fruits, cereals and fish) was assigned a value of 1, and below this cut-off a value of 0. Conversely, consumption below the cut-off of detrimental components (meat and dairy products) was assigned a value of 1 and above this cut-off a value of 0. For alcohol consumption, a moderate consumption was deemed as beneficial, so a value of 1 was attributed for consumption between 10 and 50 g/day of alcohol for men and between 5 and 25 g/day for women; for consumptions outside this range, a value of 0 was attributed. Finally, as a proxy of overall beneficial fat intake, we considered a ratio of monounsaturated to saturated lipids and similarly defined sexspecific cut-offs using the median; consumption above this median was assigned a value of 1 and below this median a value of 0. Cut-off values are presented in Table 1 . High adherence was defined as a mediSCORE equal or >6 (range: 6-9), corresponding to the last tertile of the distribution (Fig. 1 ) and deemed as nutritionally relevant.
Statistical analysis
The statistical analysis included a descriptive and inferential component. 
Exploratory micronutrient analysis
We conducted an exploratory analysis on the impact of the micronutrient composition of the subjects' diet and AMD frequency using the Food Processor Plus software (ESHA Research). For inferential statistics purposes, consumptions were compared between tertiles, below percentile 33 and above percentile 66, as to define low and high micronutrient consumption, respectively. We have found a significantly higher consumption of caffeine, fibres, beta-carotene, vitamin C and vitamin E in the group without AMD (Table 4) . These findings remain significant after applying a Benjamini-Hochberg procedure to control for false discoveries, using a false discovery rate of 0.10. No significant differences were found regarding the consumption of monounsaturated fats, omega-3, omega-6, zinc or alcohol.
Discussion Physical activity and lifestyle factors
We have found that routine physical activity is associated with a decreased frequency of AMD in our sample, even after adjusting for possible confounders, such as age, BMI, smoking habits and adhesion to the Mediterranean diet. Although a robust body of knowledge supports exercise as a protector (Knudtson et al. 2006; Williams 2009 ), one cannot rule out a possible 'healthy user bias', where nonobserved variables related to physical activity are causally related to this possible protective effect. Apart from nutritional data, described below, physical activity was the only significant association with lower prevalence of AMD in our analysis, which included data on demographics, biometrics, educational and smoking habits. Prevalence of diabetes, hypertension and dyslipidaemia was not associated with varying prevalence of AMD in our sample, which is in agreement with recently published results regarding the cardiovascular burden of AMD (Hu et al. 2017) . Indeed, while smoking is a wellestablished risk factor in AMD, a significant difference in smoking habits was not found in our sample. We have previously reported on this finding in the overall cohort of the Coimbra Eye Study, from where the current study was sampled (Cachulo et al. 2016) . Also, while smoking is a definite and strong risk factor for late AMD, it is reported to be a weaker or even inexistent risk factor in early AMD (Delcourt et al. 1998; Khan et al. 2006; Chakravarthy et al. 2007 ) . We believe that our sample, mostly comprised of early AMD cases, with a relatively low smoking burden, combined with the cross-sectional design of the study, might have limited our ability to detect such differences and probably explains the lack of association.
The Mediterranean diet and food consumption habits
We have adapted a known and validated model of mediSCORE (Trichopoulou et al. 2003) , the mediSCORE, based on grouped consumptions in nine all-inclusive food groups -vegetables, legumes, fruits, cereals, fish, meat, dairy products, Fig. 1 . Distribution of the model of adhesion to the Mediterranean diet (mediSCORE) in our cohort (n = 883). alcohol and a ratio of monounsaturated lipids to saturated lipids. When considering high adherence to the diet (mediSCORE ≥6), a protective effect was apparent in our sample, which is comprised mostly of early AMD cases. This effect is supported in the literature by a recent prospective longitudinal study on the AREDS cohort demonstrating that high mediSCORE (using the alternate Mediterranean diet score, aMeDi ≥6) was associated with reduced progression to advanced AMD (Merle et al. 2015) . A similar study by Hogg and colleagues documented a protective effect of the Mediterranean diet for late, but not early AMD (Hogg et al. 2016) . Furthermore, when looking individually at each food group, increased fruit consumption was the only one associated with decreased frequency of AMD in our sample. This result not only has biological plausibility (Beatty et al. 2000; Mozaffarieh et al. 2003) , due to the high content in antioxidants, but has also been previously described in the literature in at least one study (Amirul Islam et al. 2014) . Therefore, we believe that fruit consumption might drive the protective effects in AMD of the Mediterranean diet, and our nutrient analysis below seems to support this hypothesis. (Mrowicka et al. 2017) . In our exploratory analysis, we have targeted those micronutrients more frequently described in the literature. We have found a significantly higher consumption of caffeine, fibres, beta-carotene, vitamin C and vitamin E in the group without AMD. Conversely, no significant differences were found regarding the consumption of monounsaturated fats, omega-3, omega-6, zinc or alcohol. Regarding caffeine, our results are conspicuous. Only one study looked at a possible effect of dietary caffeine in AMD and a protective role was not apparent (Tomany et al. 2001) . Nevertheless, as a natural, xanthine-rich, antioxidant, with a traditionally high consumption in the Portuguese population, we believe it to be a promising micronutrient in this area that demands further studies. The efficacy of beta-carotene, vitamin C and vitamin E exogenous supplementation is well established from the AREDS study (Age-Related Eye Disease Study Research Group 2001 ). Yet, the protective effect of dietary doses of these micronutrients is lesser known, although some studies do support such an effect (van Leeuwen et al. 2005; Tan et al. 2008; Chiu et al. 2009 ). We have not found omega-3 consumption to be protective in our sample, which correlates with the results from the AREDS2 study for exogenous supplementation (AgeRelated Eye Disease Study 2 Research Group 2013). Nonetheless, an extension to the Rotterdam study (Ho et al. 2011) has shown that subjects with deleterious mutations in complement factor H and age-related maculopathy susceptibility 2 polymorphisms might counterbalance their inherent genetic risk by and increased consumption of fish, omega-3 and antioxidants. There also seems to exist a biological evidence of a protective role for omega-3 fatty acids, as increased circulating levels of Table 3 . Percentage of subjects with food group consumption above (for beneficial food groupsvegetables, legumes, fruits, cereals, fish, ratio of monounsaturated lipids to saturated lipids and moderate alcohol intake) and below (for detrimental food groups -meat and dairy products) the sex-specific median. docosapentaenoic acid are associated with increased macular pigment optical density, which represents lutein and zeaxanthin accumulation (Merle et al. 2017) . Other molecules, not analysed in the present study, may also contribute to AMD risk. For instance, circulating homocysteine, which is inversely related to dietary vitamin B12 and folate, seems to be associated with increased prevalence of wet AMD (Pinna et al. 2016) . Finally, regarding alcohol consumptions, despite many contradictory results, some studies suggest a small protective effect associated with moderate consumption (Vinding et al. 1992 ), which we did not replicate in our sample.
Conclusion
In this study, we have aimed to characterize the nutritional risk profile of AMD in a rural population in the centre of Portugal. Our results suggest that regular physical activity might have a protective effect, even after adjusting for possible confounders.
We have applied an innovative and validated model of mediSCORE, a 'prototype' of a healthy diet. There seems to be a general protective effect associated with high adherence to this diet. When examining specific food groups, increased fruit consumption emerged as a protective factor. Finally, our exploratory micronutrient analysis was remarkable for a possible protective effect associated with increased consumption of caffeine, not previously reported, as well as fibres, beta-carotene, vitamin C and vitamin E. Our study therefore reinforces the importance of dietary habits as a possible protective factor in AMD. Further studies in this area are required. 
